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WIND TURBINE BLADES WITH LAYERED,
MULTI-COMPONENT SPARS, AND
ASSOCIATED SYSTEMS AND METHODS

TECHNICAL FIELD

The present technology is directed generally to wind
turbine blades with layered, multi-component spars, and
associated systems and methods.

BACKGROUND

As fossil fuels become scarcer and more expensive to
extract and process, energy producers and users are becom-
ing increasingly interested in other forms of energy. One
such energy form that has recently seen a resurgence is wind
energy. Wind energy is typically harvested by placing a
multitude of wind turbines in geographical areas that tend to
experience steady, moderate winds. Modern wind turbines
typically include an electric generator connected to one or
more wind-driven turbine blades, which rotate about a
vertical axis or a horizontal axis.

In general, larger (e.g., longer) wind turbine blades pro-
duce energy more efficiently than do short blades. Accord-
ingly, there is a desire in the wind turbine blade industry to
make blades as long as possible. However, long blades
create several challenges. For example, long blades are
heavy and therefore have a significant amount of inertia,
which can reduce the efficiency with which the blades
produce energy, particularly at low wind conditions. In
addition, long blades are difficult to manufacture and in
many cases are also difficult to transport. Accordingly, a
need remains for large, efficient, lightweight wind turbine
blades, and suitable methods for transporting and assem-
bling such blades.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially schematic, isometric illustration of a
wind turbine system having blades configured in accordance
with an embodiment of the present technology.

FIG. 2 is a partially schematic, isometric illustration of a
wind turbine blade configured in accordance with an
embodiment of the present technology.

FIG. 3 is an illustration of an embodiment of the wind
turbine blade shown in FIG. 2, with portions of the outer
skin of the blade removed and/or translucent for purposes of
illustration.

FIGS. 4A and 4B are partially schematic, isometric illus-
trations of respective portions of a wind turbine blade,
illustrating spar joints between spar elements in accordance
with embodiments of the present technology.

FIG. 5 is a partially schematic, isometric illustration of a
spar joint configured in accordance with an embodiment of
the present technology.

FIG. 6A is a partially schematic, side elevation view of an
arrangement of planks from the spar elements shown in FIG.
5.

FIGS. 6B-6G illustrate overlapping planks, layers and
associated shear stress levels for pairs of materials in accor-
dance with embodiments of the present technology.

FIG. 7 is an enlarged isometric illustration of a portion of
one of the planks shown in FIG. 6A.

FIG. 8 is a partially schematic, side elevation view of
selected layers of the spar element shown in FIG. 5.

DETAILED DESCRIPTION

The present disclosure is directed generally to efficient
wind turbine blades, including segmented wind turbine
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2

blades connected with joined, multi-component spars and
associated systems and methods of manufacture, assembly,
and use. Several details describing structures and/or pro-
cesses that are well-known and often associated with wind
turbine blades are not set forth in the following description
to avoid unnecessarily obscuring the description of the
various embodiments of the disclosure. Moreover, although
the following disclosure sets forth several representative
embodiments, several other embodiments can have different
configurations and/or different components than those
described in this section. In particular, other embodiments
may have additional elements and/or may lack one or more
of the elements described below with reference to FIGS. 1-8.
In FIGS. 1-8, many of the elements are not drawn to scale
for purposes of clarity and/or illustration. In several
instances, elements referred to individually by a reference
number followed by a letter (e.g., 117a, 1175, 117¢) are
referred to collectively and/or generically by the reference
number without the letter (e.g., 117).

FIG. 1 is a partially schematic, isometric illustration of an
overall system 100 that includes a wind turbine 103 having
blades 110 configured in accordance with an embodiment of
the disclosure. The wind turbine 103 includes a tower 101 (a
portion of which is shown in FIG. 1), a housing or nacelle
102 carried at the top of the tower 101, and a generator 104
positioned within the housing 102. The generator 104 is
connected to a shaft or spindle having a hub 105 that projects
outside the housing 102. The blades 110 each include a hub
attachment portion 112 (e.g., a root section) at which the
blades 110 are connected to the hub 105, and a tip 111
positioned radially or longitudinally outwardly from the hub
105. In an embodiment shown in FIG. 1, the wind turbine
103 includes three blades connected to a horizontally-
oriented shaft. Accordingly, each blade 110 is subjected to
cyclically varying loads as it rotates among the 12:00, 3:00,
6:00 and 9:00 positions, because the effect of gravity is
different at each position. In other embodiments, the wind
turbine 103 can include other numbers of blades connected
to a horizontally-oriented shaft, or the wind turbine 103 can
have a shaft with a vertical or other orientation. In any of
these embodiments, the blades can have structures config-
ured in accordance with the arrangements described in
further detail below with reference to FIGS. 2-8.

FIG. 2 is a partially schematic, isometric illustration of a
representative one of the blades 110 described above with
reference to FIG. 1. The blade 110 includes multiple seg-
ments 113, for example, a first segment 113a, a second
segment 113b, and a third segment 113¢. The segments
extend along a spanwise, longitudinal, or axial axis from the
hub attachment portion 112 to the tip portion 111. The
spanwise axis is represented in FIG. 2 as extending in a hub
direction H and a tip direction T. The blade 110 also extends
along a thickness axis in a pressure direction P and a suction
direction S, and further extends along a chordwise axis in a
forward direction F and an aft direction A. The outer surface
of the blade 110 is formed by a skin 150 that can include
several skin sections. The skin sections can include a suction
side skin 151, a pressure side skin 152, a leading edge skin
153, a trailing edge skin 154, and an attachment portion skin
155. The internal structure of the blade 110, the connections
between the internal structure and the skin 150, and the
connections between neighboring segments 113 are
described further below with reference to FIGS. 3-8.

FIG. 3 illustrates a particular embodiment of the blade 110
with portions of the skin removed or translucent for pur-
poses of illustration. In this embodiment, the blade 110
includes multiple ribs 160 located at each of the segments
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1134, 1135 and 113¢. The ribs 160 are connected to multiple
spars, e.g., three spars 116 (shown as a first spar 116q, a
second spar 1165, and a third spar 116¢) that extend along
the length of the blade 110. Accordingly, each of the spars
116 includes a first spar portion 118« at the first segment
1134, a second spar portion 1186 at the second segment
1135, and a third spar portion 118c¢ at the third segment 113c.
Each segment 113 also includes a corresponding shear web
117, illustrated as a first shear web 1174, a second shear web
1175, and a third shear web 117¢. The spar portions 118 in
neighboring sections 113 are connected at two connection
regions 114qa, 1145 to transmit loads from one segment 113
to the next. In a particular embodiment, the shear webs 117
are not continuous across the connection regions 114.
Instead, truss structures 140 (shown as a first truss structure
140a and a second truss structure 1405) at each connection
region 114 are connected between neighboring segments 113
to transmit shear loads from one segment 113 to the next. In
other embodiments, the ribs 160 can be omitted, and/or the
blade 110 can have a different number or arrangement of
spars 116, and/or the truss structure 140 can be omitted,
and/or the shear webs 117 can be continuous across the
connection region 114. Further details of representative truss
structures for connecting neighboring blade segments are
described in co-pending U.S. patent application Ser. No.
13/683,690, filed on Nov. 21, 2012 and incorporated herein
by reference. To the extent the foregoing application and/or
any other materials incorporated herein by reference conflict
with the present disclosure, the present disclosure controls.
Further details of arrangements connecting the spars at the
connection regions are described below with reference to
FIGS. 4A-8.

FIG. 4A is partially schematic, isometric illustration of a
representative first connection region 1144 shown in FIG. 3,
with spar joints 119 configured in accordance with an
embodiment of the present technology to connect the first
and second blade segments 113a, 1135. The spar joints 119
are used to transmit loads from the second segment 1135 and
other outboard regions of the blade to the first portion 113«
and the hub 105 (FIG. 1). In a particular embodiment shown
in FIG. 4A, those loads are transmitted primarily by the three
spars 116a-116¢ described above with reference to FIG. 3.
Each of these spars includes multiple elements, for example,
a first spar element 120a and a second spar element 1205
that is attached to the first spar element 120qa at a spar joint
119. A similar arrangement can be used to join the spar
elements at the second connection region 1146 shown in
FIG. 3.

In other embodiments, joints generally similar to those
shown in FIG. 4A can be used at other locations along the
length of the wind turbine blade, inboard and/or outboard of
the location shown in FIG. 4A. As shown in FIG. 4B, for
example, such a joint can be used at or close to the hub
attachment portion 112. In a particular embodiment, the hub
attachment portion 112 is pre-manufactured with three hub
spar elements 120/ (two of which are visible in FIG. 4B)
projecting outwardly from the attachment portion skin 155.
The first spar elements 120a are then attached to the hub spar
elements 120/ at corresponding spar joints 119, prior to
manufacturing the rest of the first segment 113a. In other
embodiments, the remaining outboard portion of the first
segment 113a can be pre-manufactured and coupled to the
hub attachment portion 112. In either embodiment, the
resulting first segment 113 includes spar joints 119 between
the inboard hub spar elements 120/ and the corresponding
outboard first spar elements 120a.
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FIG. 5 is a partially schematic, side isometric illustration
of a representative first spar element 120a attached to a
representative second spar element 1205 at a spar joint 119.
The first spar element 120q includes a first end portion 124a,
and the second spar element 12056 includes a second end
portion 1245. The two end portions 124a, 1245 are inter-
leaved and bonded to each other at the spar joint 119.
Accordingly, the first spar element 120a can include first
planks 121a that terminate at different axial locations in a
staggered manner to form first recesses 122a (e.g., with
different depths) and first projections 123a (e.g., with dif-
ferent lengths). The second spar element 1204 includes
second planks 1215 having staggered ends that form second
recesses 122b and second projections 1235. The first
recesses and projections 1224, 1234 are sized and positioned
to be complementary to the second recesses and projections
122b, 1235, so that when the spar elements 120a, 1205 are
brought together (as indicated by arrows A), the first pro-
jections 123a are received in the second recesses 1225, and
the second projections 1235 are received in the first recesses
122a. The resulting joint (e.g., a “finger” type joint) is then
bonded with an adhesive to form a load-bearing structure
configured to carry the major loads in the spar. Further
details of representative joints are described in co-pending
published PCT application W02011/149990, which is incor-
porated herein by reference.

For purposes of illustration, the spar elements are shown
as including planks, and in particular embodiments, the
planks are manufactured as pultrusions. In other embodi-
ments, the planks (and/or other suitable structures) can
include an infusion or a pre-preg construction. In further
particular embodiments, such a plank or other structure can
be formed as a unitary piece instead of as a bonded stack of
pieces.

The first planks 121a and the second planks 1215 can
have different compositions that are selected in a manner
that increases the efficiency and/or reduces the weight of the
resulting blade. For example, the first planks 121a can be
selected from a relatively inexpensive material (e.g., fiber-
glass) that has sufficient strength to carry the bending loads
typical of locations close to the blade root. The more
outboard second planks 1215 can be formed from a lighter,
higher performance material that may be more expensive
than the material included in the first planks 121a, but has
a lighter weight. Accordingly, the resulting blade has less
mass further away from the hub. This in turn reduces gravity
loading, which can be a driver for hub design. The result is
that the inboard portion of the blade, the hub, and the rest of
the turbine can be designed to withstand lower loads.

In particular embodiments, if the second planks 1215 are
made of higher performance materials than the first planks
121a, it is advantageous to reduce the thickness of the
second planks 1215, which can result In a lighter structure
while still maintaining adequate strength and stiffness, in
order to reduce the weight and cost of the blade. In particu-
lar, the second planks 12156 can be formed from a material
having a higher elastic modulus E or a higher strength S than
that of the material forming the first plank 1214. This allows
the designer to reduce the thickness of the second planks
1215 while maintaining sufficient overall strength and stiff-
ness. However, the thinner second planks 1216 can be
difficult to integrate with the thicker first planks 1224 when
joining the two spar elements 120a, 1205. Further details of
arrangements for addressing this issue are described below
with reference to FIGS. 6A-8.

FIG. 6A is a partially exploded illustration of the ends of
two representative first planks 121a and the end of a
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representative second plank 1216 during an intermediate
assembly stage, with a gap or recess between their respective
tips 129a. The second plank 1215 fits into the gap or recess.
The first planks 121a can have an overall thickness T1, and
the second plank 1215 can have an overall thickness T2 that
is approximately equal to the overall thickness T1 of the first
plank 121a. The second plank 1215 can include a composite
of multiple materials, e.g., a first material forming one or
more first layers 125a (each of which can include multiple
plies), a second material forming one or more second layers
12556 (each of which can include multiple plies), and an
adhesive 126 that joins the first layer 125a to the second
layer 1254. In some embodiments the adhesive 126 may be
omitted due to the method of construction of the layers 125a
and 125b. The first planks 121a can include one or more
third layers 125¢ (each of which can include multiple plies)
formed from a material that can be different than the
materials forming either the first layers 125a or the second
layers 1255b. Because the second plank 1215 is formed from
multiple layers having different compositions, the overall
thickness T2 can include a first thickness T2a of the one or
more first layers 125a, a second thickness T25 of the one or
more second layers 12556, and a third thickness T2cof the
adhesive 126. In at least some embodiments, the thickness of
the adhesive 126 can be small and/or insignificant relative to
the thicknesses of the other layers. By forming the first
planks 121a and the second plank 1215 to have equal overall
thicknesses T1, T2, the arrangement of projections and
recesses described above with reference to FIG. 5 can be
symmetrical from the first spar element 120q to the second
spar element 1205, even though the materials forming these
spar elements may be different.

In a particular embodiment, the layers (the first and/or
second layers 125a, 125b) of the second plank 1215 are
selected so that a product of the combined or overall
thickness T2 and the combined or overall second modulus of
elasticity, E2, is approximately the same as the product of
the thickness T1 and the first modulus E1 of the first plank
121a. In cases for which T1=T2, the combined or overall
second modulus E2 of the materials forming the second
planks 1215 is equal to the first modulus E1 of material
forming the first plank 121a. This arrangement is expected
to more uniformly transfer loads between the first and
second planks, and/or to reduce the likelihood for delami-
nation or other failures at the joint between the two planks
121a, 1215.

In a typical installation, the modulus E of the second layer
1255 is larger than that of the third layer 125¢, although its
thickness is less. To keep the product of thicknessxmodulus
approximately the same for both planks 121, the relative
thicknesses T2a and T2b can be adjusted to find an improved
(e.g., optimum) solution that offers a good combination of
strength, stiffness, and manufacturability. In this case the
function of the first layer 1254 of the second plank 1215 can
be to provide additional thickness (e.g., so that T1 is
approximately equal to T2) without adding too much to the
combined elastic modulus of the combined layers. In a
representative embodiment, the first layer 125a includes
biaxial fiberglass, and the second layer 1254 includes a
carbon fiber composite. In a further aspect of this embodi-
ment, the first layer 1254 can have a thickness of about 4
mm, the second layer 1255 can have a thickness of about 1.8
mm, and the adhesive 126 can have a thick of about 0.76
mm, producing a combined overall thick T2 of 6.6 mm. In
still a further particular aspect of this embodiment, the third
layer 125¢ of the first plank 121a can have a composition
(e.g., unidirectional fiberglass) with an elastic modulus E1
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that is between the elastic moduli of the first layer 1254 and
the second layer 1255 of the second plank 1216.

FIGS. 6B-6G illustrate representative overlapping planks
formed from a variety of different materials, along with
associated graphs indicating shear stress as a function of
thickness through the planks. FIG. 6B illustrates a first plank
121a overlapping with and adjacent to a second plank 1215,
with both planks formed from the same material, having a
representative elastic modulus E1 and E2 of 107 psi. The
thickness of the first plank 121qa is T1 and the thickness of
the second plank 1215 is T2. In this particular embodiment,
T1 and T2 are equal at 0.25 inches. Accordingly, the product
of E1xT1 is equal to the product of E2xT2, e.g., 2.5x10°
Ib/in.

FIG. 6C is a graph illustrating representative shear stress
values as a function of thickness T through the two planks
once they are bonded to each other. Accordingly, the graph
illustrates the shear stress from a lower or first edge 130a of
the first plank 121a through an upper or second edge 1305
of the second plank 1215. As shown in FIG. 6C, the peak
shear stress values (at the first and second edges, respec-
tively) are significantly higher than the average shear stress
value through the overlapped planks. In FIG. 6C this is
shown as three times the average for clarity, but for the
graphs shown in FIG. 6C as well as FIGS. 6E and 6G, the
numerical values of the peaks are only presented as
examples to illustrate the concept, and in other embodi-
ments, the peak stresses can have other values. In addition,
the graphs in FIGS. 6C, 6E and 6G neglect the effects of
varying the configuration (e.g., geometry) of the tips of the
planks (e.g., by chamfering and/or other techniques) to
reduce the magnitude of stress peaks. Such techniques can
be applied in conjunction with the technology features
described herein.

In FIG. 6D, the first and second planks 121a, 1215 again
have the same thickness (0.25 inches), but the second plank
1215 has a modulus of elasticity E2 that is three times the
modulus of elasticity Elof the first plank 121a. Referring
next to FIG. 6E, the resulting shear stress curve indicates
that the maximum shear stress at the first edge 130a of the
overlapped planks is now five times the average shear stress
of the combined planks, and the stress at the second edge
1304 is twice the average stress. Since the failure of a
structure is often dependent on the highest stress, the maxi-
mum shear stress at the first edge 130a can therefore limit
the strength of'this joint, and it is advantageous to modify the
design to reduce the highest peak shear stress (specifically to
reduce the stress at the first edge 130a). Embodiments of the
present technology are directed to equalizing or at least
approximately equalizing the product of ExT for overlap-
ping planks with different materials having different elastic
moduli in order to reduce the peak shear stress in the bond.

Referring now to FIG. 6F, the first plank 121a has a
thickness T1 of 0.25 inches, and is formed from a single first
layer 125¢ having an elastic modulus E1 of 107 psi. Accord-
ingly, E1xT1 equals 2.5x10. The second plank 1215 has a
first layer 125a with a thickness T2a of 0.17 inches and an
elastic modulus E2a of 10° psi. The second plank 1215 also
includes a second layer 1255 having a thickness T25 of 0.08
inches and an elastic modulus of 3x107 psi. In one embodi-
ment, the second layer 1256 can be “above” the first layer
125a (in the orientation shown in FIG. 6F) and in other
embodiments, it can be “below” the first layer 1254. In either
embodiment, the foregoing elastic moduli are representative
of unidirectional fiberglass (for E1), biaxial fiberglass (for
E2a), and carbon fiber (for E25). Accordingly, the biaxial
fiberglass is more flexible than the unidirectional fiberglass,
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which is more flexible than the unidirectional carbon. The
resulting composite product of elastic modulus and thick-
ness for the second plank 1215, [(E2axT2a)+(E2bxT256)], is
equal to 2.57x10° Ib/in. This is approximately equal to the
product of E1xT1 for the first plank 121a (e.g., approxi-
mately equal to 2.5x10°). As discussed above, it is expected
that this arrangement will equalize the shear stresses across
the overlapped planks, as is shown in FIG. 6G. In particular,
FIG. 6G illustrates that at both the first edge 130a and the
second edge 1305, the shear stresses are approximately three
times the average shear stress across the thicknesses of the
overlapped planks, which is the same as in the case when the
materials of 121a and 1215 are the same. As was also
discussed above, the thickness T2a of the first layer 1254 is
selected so that when added to the thickness T2b of the
second layer 1255, the total thickness is the same as the
thickness T1 of the first plank 1254. In addition, the elastic
modulus E2q of the first layer 1254 is selected to produce the
composite product of elastic modulus and thickness
described above, for example, an elastic modulus that is less
than E1, to “compensate” for the elastic modulus E25 of the
second layer 12556, which is greater than E1.

One feature of the foregoing arrangement is that the
product of thickness and overall elastic modulus E of the
first plank 121a can be at least approximately the same as the
product of thickness and overall elastic modulus E of the
second plank 1215, despite the difference in compositions of
the two planks. In particular, the first layer 1254 can operate
as a “filler” for the second plank 1215 so that the second
plank 1215 and the first plank 121a have approximately
equal thicknesses. As used herein, the term “approximately”
refers to thickness variations sufficiently small that they do
not result in significant manufacturing problems or structural
strength reduction due to the differences in thickness. In
particular embodiments, representative thickness variations
are with £1 mm, or within £10%, £5%, +2%, +1%, or £0.5%
of the base thickness.

An advantage of the foregoing feature is that it can
facilitate using high strength, low weight materials in par-
ticular portions of the wind turbine blade where the advan-
tages of such materials outweigh the costs, without com-
promising or significantly compromising the strengths of the
components that are joined in such a construction at the
interfaces between such composites. This arrangement in
turn can reduce or eliminate the likelihood that the blade will
strike the tower on which it is carried, or undergo other
unacceptable excursions under load, while maintaining a
competitive blade cost.

While the equal thicknesses described above are desirable
at the joint 119, at locations outboard from the joint 119, the
thickness of the second plank 1216 can be reduced by
thinning or eliminating the first layer 125a, leaving the
second layer 1254 to carry the structural loads. FIG. 7 is a
schematic side isometric illustration of an outboard portion
of the second plank 1215, illustrating the first layer 125q
tapering gradually and ending at an intermediate location
128 in accordance with a representative embodiment. Out-
board of the intermediate location 128, the second plank
12154 can include only the second layer 1255.

FIG. 8 is a partially schematic side view the second spar
element 1205 that includes multiple second planks 1215. In
general, each second plank 1215 can include a first layer
125a and a second layer 1255. In some instances, adjacent
second planks 1215 can be bonded directly to each other.
The first layer 125a between corresponding second layers
1255 gradually tapers (e.g., to zero thickness, as described
above with reference to FIG. 7) in an outboard direction so
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that adjacent second layers 1255 become bonded directly to
each other at further outboard locations of the second spar
element 1205. Accordingly, the second spar elements 1205
at outboard locations include only second layers 1256 and
no first layers 125a. The overall thickness of the second spar
element 1205 can taper from an initial thickness T3 to a final
thickness T4, as shown in FIG. 8. In particular embodiments,
some second layers 1254 (e.g., those toward the upper and
lower sides of the second spar element 1205) may be in
direct contact with adjacent second layers over the length of
the second spar portion 1205. For any given second plank
12154, the second layer 1255 can be below the first layer 125a
or “above” it, as discussed above with reference to FIG. 6G.

From the foregoing, it will be appreciated that specific
embodiments of the present technology have been described
herein for purposes of illustration, but that various modifi-
cations may be made without deviating from the technology.
For example, several of the multi-constituent planks
described above were described in the context of spar caps.
In other embodiments, the same or similar techniques can be
used to form other structures, e.g., other longitudinally
extending structures, in a wind turbine blade. Certain aspects
of the technology described in the context of particular
embodiments may be combined or eliminated in other
embodiments. For example, not all the spar caps of a
particular wind turbine blade need include the foregoing
arrangement of multi-constituent planks. Individual planks
may be tapered in the manner described above with refer-
ence to FIG. 8, or may be untapered in other embodiments.
Further, while advantages associated with certain embodi-
ments of the technology have been described in the context
of those embodiments, other embodiments may also exhibit
such advantages, and not all embodiments need necessarily
exhibit such advantages to fall within the scope of the
present technology. Accordingly, the present disclosure and
associated technology can encompass other embodiments
not expressly shown or described herein.

We claim:

1. A wind turbine blade system, comprising:

a first blade segment having a first spar element that
includes first planks having a first thickness and a first
plank composition; and

a second blade segment having a second spar element that
includes second planks having a second thickness and
a second plank composition different than the first
plank composition, the second blade segment being
joined to the first blade segment at a joint, wherein an
overall product of thickness and elastic modulus of the
first planks is equal or approximately equal to an
overall product of thickness and elastic modulus for the
second planks.

2. The system of claim 1 wherein an individual second
plank includes multiple layers, and wherein the overall
product of thickness and elastic modulus for the second
plank is equal to the sum of the product of thickness and
elastic modulus for each layer of the second plank.

3. The system of claim 1 wherein individual first planks
are interleaved with individual second planks at the joint.

4. A wind turbine blade system, comprising:

first and second blade segments positioned at different
locations along a longitudinal axis and joined together
to form at least a portion of a wind turbine blade, the
first blade segment including a first spar element and
the second blade segment including a second spar
element; wherein

the second spar element is elongated along the longitu-
dinal axis and includes multiple second planks, with
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individual second planks including at least one first
layer having a first composition, at least one second
layer having a second composition different than the
first composition, and an adhesive between the first and
second layers, the adhesive having an adhesive com-
position different than the first and second composi-
tions; and wherein
the first spar element is elongated along the longitudinal
axis and includes multiple first planks, with individual
first planks including at least one third layer having a
third composition different than the first and second
compositions: further wherein;
ends of the first planks and the second planks are
interleaved to form a joint between the first and
second spar elements:

at the joint, a thickness of an individual first plank is
T1, a thickness of the first layer is T2a and a
thickness of the second layer is T2b, with T1
approximately equal to T2a+12b;

an elastic modulus of the first composition is E2a, an
elastic modulus of the second composition is E2b,
and an elastic modulus of the third composition is
E1; and (E1xT1) is approximately equal to (E2ax
T2a)+(E2bxT2b).

5. The system of claim 4 wherein the first and second spar
elements each include a spar cap.

6. The system of claim 4 wherein the first composition
includes fiberglass and the second composition includes
carbon fiber.

7. The system of claim 4 wherein at least one of the
individual planks of the second spar element has an end and
an intermediate location positioned outwardly along the
longitudinal axis from the end, and wherein a thickness of at
least one of the first and second layers of the at least one
second plank is greater at the end than at the intermediate
location.

8. The system of claim 4 wherein E25b higher than E2.

9. The system of claim 4 wherein the first and second
individual planks have approximately the same thickness.

10. A wind turbine blade system, comprising:

a first blade segment having a longitudinal axis, the first
blade segment including at least one first spar element
that is elongated along the longitudinal axis, the at least
one first spar element including multiple first planks,
with individual first planks having a first thickness T1
and a first elastic modulus E1; and

a second blade segment having at least one second spar
element joined to the at least one first spar element at
a spar joint and extending along the longitudinal axis,
the at least one second spar element including multiple
second planks joined to corresponding first planks at
the spar joint, with individual second planks having a
second thickness T2 and including at least one first
layer having a first layer thickness T2a and first com-
position with an elastic modulus of E2a, and at least
one second layer having a second layer thickness 126
and a second composition different than the first com-
position with an elastic modulus of E2b, and wherein

(E1xT1) is equal or approximately equal to (E2axT2a)+
(E256xT2b).

11. The system of claim 10 wherein the first planks
include unidirectional fiberglass, the first composition
includes biaxial fiberglass, and the second composition
includes unidirectional carbon fibers.

12. The system of claim 10 wherein the first thickness T2a
of an individual first layer diminishes in a longitudinal
direction outwardly away from the joint.
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13. The system of claim 10, wherein the second blade

segment has a first end inboard along the longitudinal axis
from a second end and wherein the first layers terminate
inboard of the second end.

14. A wind turbine blade, comprising:

a first blade segment having a first spar cap portion, the
first spar cap portion including a plurality of laminated
first planks, wherein individual first planks are formed
from unidirectional fiberglass, have a first thickness,
and terminate at different longitudinal locations to form
a first end portion having a plurality of first projections
and first recesses, with individual first projections alter-
nating with individual first recesses along a thickness
axis; and

a second blade segment having a second spar cap portion,
the second spar cap portion including a plurality of
laminated second planks, wherein individual second
planks are formed from biaxial fiberglass strips
attached to carbon strips, and terminate at different
longitudinal locations to form a plurality of second
projections and second recesses, with individual second
projections alternating with individual second recesses
along the thickness axis;

wherein the individual second planks have a second
thickness the same or approximately the same as the
first thickness at the corresponding second projections,
and have a third thickness less than the second thick-
ness at an intermediate location spaced apart from the
corresponding second projections;

wherein a thickness of the biaxial fiberglass strips
decreases to zero at the intermediate location; and

wherein individual second projections are received in
corresponding first recesses, and individual first pro-
jections are received in corresponding second recesses,
to join the first spar cap portion to the second spar cap
portion: further wherein;
(E1xT1 is equal or approximately equal to (E2axT2a)+

(E2bxT2b), where;

El=the elastic modulus of the unidirectional fiberglass;
E2a =the elastic modulus of the biaxial fiberglass;
E2b =the elastic modulus of the carbon;
T1=the thickness of the first planks;
T2a =the thickness of the biaxial fiberglass strips; and
T2b =the thickness of the carbon strips.

15. A method for manufacturing a wind turbine blade

system, comprising:

selecting a first spar element of a first blade segment to
include first planks having a first thickness and a first
plank composition;

selecting a second spar element of a second blade segment
to include second planks having a second thickness and
a second plank composition different than the first
plank composition;

sizing the first planks to join with the second planks;

selecting the first and second thicknesses, and the first and
second compositions so that an overall product of
thickness and elastic modulus of the first planks is
approximately equal to an overall product of thickness
and elastic modulus for the second planks; and

joining the first spar element and the second spar element
by inserting first planks of the first spar element into
recesses between second planks of the second spar
element.

16. The method of claim 15, further comprising:

selecting individual second planks to have first layers with
a first composition and a first layer thickness, and
second layers with a second composition and a second
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layer thickness, the second composition being different
than the first composition, and wherein the overall
product of thickness and elastic modulus for the second
planks is:
(E2axT2a)+(E26xT2b), where 5
E2a=the elastic modulus of the first composition;
E2b=the elastic modulus of the second composition;
T2a=the thickness of the first layer; and
T2b=the thickness of the second layer.
17. The method of claim 15, further comprising selecting 10
the first thickness of the first plank to be equal to the second
thickness of the second plank.
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